To investigate the specificity of an inducible hemolymph bactericidin, West Indian spiny lobsters were immunized with a variety of antigens. Bactericidal assays were conducted with strain EMB-1, a gram-negative bacillus isolated from normal lobster intestine. Animals given saline solution with or without 0.3% Formalin exhibited only a slight response similar to sham controls. Injections of type 2 pneumococci or bovine albumin produced slightly higher responses. These were much less pronounced than the homologous response to EMB-1. Formalin exhibited an adjuvantlike effect with EMB-1.
Previous communications (5, 6) have described the ability of a marine invertebrate, the West Indian spiny lobster Panulirus argus, to synthesize a hemolymph bactericidin induced by injections of bacteria isolated from its own normal gut flora. Additional studies involving the primary and secondary responses of the lobster to the gramnegative bacillus, EMB-1, revealed that, as a rule, secondary bactericidal titers were enhanced over the primary titers in a manner characteristic of the anamnestic response in mammalian immunoglobulin synthesis (7) . Investigations of the serological responses of the marine worm, Sipunculus nudus, by Bang (2) showed this animal to be capable of producing a lysin induced by injections of a parasitic ciliate. The ciliate lysin could also be induced by injections of certain marine bacteria and crab blood, indicating a lack of complete specificity. Other invertebrate studies have demonstrated natural as well as inducible bactericidins in several species of insects. In most cases these appear to be nonspecific (3, 4) .
The initial report (6) on the induced bactericidin of P. argus suggested that this response is not entirely specific. Additional studies dealing with specificity are presented here.
MATERIALS AND METHODS
Specimens of the West Indian spiny lobster, P. argus, were collected in the waters surrounding Bimini, Bahamas, and maintained in hardware cloth cages in tidal seawater (26 to 28 C) at the Lerner Marine Laboratory. The animals, weighing 300 to 500 g, were bled from the pericardial sinus with an 18-gauge needle. Details of antigen preparation, immunization procedures, and bactericidal assay methods have been previously described (6) . A summary of the various groups of animals employed in this study and the type of inoculum used are presented in Table 1 . In each case the animals were injected intracardially (pericardial sinus) with 0.5 ml of the respective material, and the hemolymph was assayed for bactericidal activity against the EMB-1 strain (6).
RESULTS AND DISCUSSION
The results of these experiments are summarized and compared in Fig. 1 (IPN-53) responded in a typical fashion, it was noted that the titers were lower than had previously been demonstrated in animals given EMB-1 in 0.3% (v/v) Formalin. In order to evaluate the possible adjuvent-like effect of Formalin, two groups of four animals each were given EMB-1 in 0.85% saline, and EMB-1 in 0.3% formalized saline, respectively. There was a marked increase in the bactericidal titers of the animals receiving EMB-1 in formalized saline (Fig. 2) . It is important to note WEINHEIMER ET AL. ( Fig. 1) , in evaluating a possible adjuvant effect of Formalin, that the animals given only formalized saline (IPN-51) displayed low levels of activity comparable to the sham control groups.
From this and other studies cited previously, it is apparent that some invertebrates are capable of humoral responses to foreign material. The findings presented here suggest that the bactericidal response of the spiny lobster has only a limited degree of specificity. This is indicated (6) by the fact that hemolymph from animals immunized with EMB-1 often displayed bactericidal activity against Salmonella typhosa and Escherichia coli, both gram-negative rods. Also, hemolymph from animals injected with type 2 pneumococci would react against the EMB-1 strain. A degree of specificity is implied, however, from the results shown in Fig. 1 . In the groups injected with saline and saline plus Formalin, only a slight response similar to that of the control was noted. Injections of type 2 pneumococci and BSA gave slightly higher titers but did not compare with the response obtained upon injection of the EMB-1 strain. Thus, the bactericidal response was not completely nonspecific. Similar partial specificity has been demonstrated in another invertebrate, the oyster Crassostrea virginica (1) .
These data suggest that, although invertebrates appear capable of antigenic recognition, the molecules synthesized may have broad specificity covering a wide range of antigenic determinents. Further studies will be necessary to ascertain whether these inducible substances represent primitive immunoglobulins. In any event, it would be surprising if they did not have a major role in defense of the animal against pathogenic microbes. 
